Abstract Coronary artery disease (or coronary heart disease), is the leading cause of mortality in many of the developing as well as the developed countries of the world. Cholesterolenriched plaques in the heart's blood vessels combined with inflammation lead to the lesion expansion, narrowing of blood vessels, reduced blood flow, and may subsequently cause lesion rupture and a heart attack. Even though several environmental risk factors have been established, such as high LDLcholesterol, diabetes, and high blood pressure, the underlying genetic composition may substantially modify the disease risk; hence, genome composition and gene-environment interactions may be critical for disease progression. Ongoing scientific efforts have seen substantial advancements related to the fields of genetics and genomics, with the major breakthroughs yet to come. As genomics is the most rapidly advancing field in the life sciences, it is important to present a comprehensive overview of current efforts. Here, we present a summary of various genetic and genomics assays and approaches applied to coronary artery disease research.
Introduction
The term genomics was reportedly coined by Dr. Thomas H. Roderick and a group of scientists in a pub after a scientific meeting in Bethesda in 1986 [1] and, generally, is taken to mean the simultaneous study of a large number of genes in the context of a biological process or disease. A transforming sequence of events, beginning with the development and rapid improvement in microarray technology in the 1990s, followed by sequencing of the first draft of human genome in 2000, and especially development of next-generation sequencing technologies in 2004-2005 and genome-wide association studies (GWAS) in 2005, have led to an exponential growth of genome-wide methodologies and the applications of genomics across diverse fields of study.
This review focuses on the current methods and overall advances in genomics of cardiovascular diseases and provides an overview of how genomics may help illuminate some of the mechanisms of this complex disease. We discuss recent progress with regards to the genetic basis of coronary artery disease (CAD) in the context of GWAS, transcriptomic profiling, probing of in vivo protein-DNA interactions, as well as regulatory and higher order chromatin structure. We highlight a few examples of investigations at CAD GWAS loci, 9p21.3 and TCF21, which have applied functional genomics and mouse models to link these genetic associations to vascular wall disease processes. Finally, we discuss the critical advantages of applying the CRISPR/Cas9 system towards functional studies at CAD loci. subsequent validation in a different or expanded cohort. The GWAS era started from the first successful GWAS publication for macular degeneration in 2005 and continues to expand to date with a total number of publications reaching above 2300. GWAS databases are getting larger, as exemplified with a Catalog of Published Genome-Wide Association Studies from National Human Genome Research Institute (NHGRI) and European Bioinformatics Institute (EMBL-EBI) that contains in total 15020 SNPs and 16831 SNP-trait associations from 2334 studies (data release on 2015- [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The most recent large scale meta-analysis of GWAS in CAD identified a total of 2213 CAD-associated variants at 48 loci (that had previously already been reported to be associated with CAD at genome-wide significance, P < 5 × 10 −8 ) as well as an additional 10 novel loci [2••] . This study included 60,801 cases and 123,504 controls from 48 GWA studies of CAD, out of which 57.5 % of the cases and 40.1 % of the controls had been included in a previous Metabochip-based CAD meta-analysis [3] , indicating that massive data aggregation has the potential to resolve many previously unreplicated loci. A unique aspect of this study was the examination of a very large number of imputed genotypes based on the 1000 Genomes Project. This effort has identified 38 million variants and after selecting variants with minor allele frequency (MAF) > 0.005 that were detectable in over 60 % of the 48 GWA studies, 8.6 million SNPs and 836,000 indels were included in the meta-analysis, which represents to date the largest collection of variants tested for association with CAD. One of the limitations of the study is that the majority (77 %) of the participants were of European ancestry, suggesting that new CAD loci functional in other racial/ethnic groups remain to be discovered [4] .
With the ever-increasing numbers of tested subjects, GWAS will likely continue to identify novel CADassociated variants. However, these discovered variants contribute a fraction of the total estimated heritability of common disease risk and may have limited clinical and predictive value on their own. A recent study demonstrated that a CAD genetic risk score (GRS) of nearly 50,000 common variants was highly predictive of major adverse events, suggesting these variants collectively capture a lifetime of risk within individuals (Abraham G et al. bioRxiv 2016). The missing heritability may be accounted for by less common or rare variants that were missed on the genotyping array or inaccurately imputed due to allelic heterogeneity or population-specific signals. Thus, it is important to perform meta-analyses and finemapping in different racial/ethnic groups as well as apply robust statistical frameworks to correct for these [5] potential confounders and uncover new biology [6] . For instance, in the latest 1000G-based imputation meta-analysis of CAD, 10 novel loci were discovered (including SMAD3, SWAP70, ABHD2, ADORA2A, MFGE8, BCAS3, and NOS3), proposing novel genes that have a role in vessel wall and SMCrelated processes as critical determinants of CAD risk. In addition, gene-environment interactions and epistatic interactions of multiple alleles may confer non-additive effects on disease susceptibility and broad-sense heritability, suggesting that missing CAD heritability estimates may be accounted for with as-yet unknown risk factors/interactions [2••, 7] .
Several statistical methods have been applied to finemapping GWAS loci by calculating the posterior probabilities of causality for candidate variants [5, 8, 9] . By integrating disease-specific functional genomics data as prior knowledge, the credible set of causal variants at a susceptibility locus and overall complexity may be reduced [9, 10] . Similarly, Bayesian network analysis has been used to detect interaction between loci in order to elucidate underpinning biological pathways [11] . Bayesian networks could be input to key driver analysis (KDA), in order to define disease driver genes [12] , an approach that has been used in CAD [13] . In addition, Bayesian networks have been coupled with protein-protein interaction (PPI) networks and differential modules (DM) from co-expression networks and integrated into KDA, an approach that has identified TNFRSF13C and EBF1 as key drivers for CAD [14] .
Application of Transcriptomics to CAD Mechanisms
Contemporary genomics often involves integrative and simultaneous analysis of multiple datasets from diverse experiments [15•] . Our ultimate understanding of complex systems depends on successful integration of various GWAS, epigenomics, transcriptomics, and proteomics datasets ( Fig. 1) [16, 17] .
A transcriptome is a complete collection of RNA molecules transcribed in a given cell or organism. RNAsequencing (RNA-Seq) represents an evolution of microarray-based technology, which has now reached mainstream adoption [18, 19] and offers several advantages in transcriptome profiling [18, 20, 21] . For instance, RNA-Seq provides single-base level resolution, and thus enables detection of transcribed genetic variation, such as single nucleotide polymorphisms (SNPs), indels, gene fusions, and structural variation, and may resolve alternative transcripts of multitranscript genes from the sequence data alone [22] . In addition, it has a greater dynamic range to quantitatively detect expression changes from weakly expressed genes encoding transcription factors to the highly expressed housekeeping genes.
RNA-Seq has been used in combination with genotyping to determine how genetic variation influences gene expression changes through expression quantitative trait loci (eQTL). These molecular traits may function locally, in the same genomic locus (cis) or distally, in a different genomic locus (trans). In addition, RNA-Seq may detect allele-specific expression (ASE), which involves the differential expression between two alleles at heterozygous sites. [23, 24] . Both eQTL and ASE have been instrumental tools to prioritize functional variants among thousands of candidate GWAS variants, and may point to the underlying causal mechanism(s) of the disease/trait association [25] . Given that ASE measures transcript changes within individuals it may pinpoint functional cis-acting variants that alter gene expression at GWAS loci, thus making the combination of GWAS and RNA-Seq a powerful approach for dissecting the mechanisms of complex phenotypes.
Large-scale RNA-Seq-based transcriptomic profiling has been used in lymphoblastoid cell lines (LCLs) to uncover the genetic architecture of complex traits such as autoimmune diseases; however, to define the disease mechanisms for CAD, there remains a need for large studies in primary cardiovascular cells/tissues. For example, in vivo studies of specific cardiac and vascular cells/ tissues will benefit from improvements in RNA-Seq methodology that will enable extraction and sequencing of RNA from limited numbers of cells/tissues that are difficult to process [26] . RNA-Seq in left ventricular myocardial tissue has been used to systematically identify the disease status of heart failure patients using a limited training dataset of six individuals, including three controls, one ischemic heart disease (ISCH), and two dilated cardiomyopathy (DCM) patients and has been successfully applied to a much larger set of 313 individuals [27] . In addition, RNA-Seq has been used in human cardiac fibroblasts [28] , mouse embryonic epicardium that undergoes epithelial-tomesenchymal transition [29] , but only recently in smooth muscle cells of the coronary artery vessel wall [30••] , and has not been well studied in coronary artery endothelial cells. RNA-sequencing in cultured human coronary artery smooth muscle cells (HCASMC) revealed a complex network of interconnected genes, including genes for structural proteins such as matrix metalloproteinases, collagens, and actin, as well as genes for signaling molecules, e.g., prostaglandins, cytokines, and interleukins [30••] . In addition, RNA-sequencing in HCASMC revealed 31 unannotated long non-coding RNAs (lncRNAs), some of which were associated with HCASMC migration and differentiation, e.g., SENCR [31] . In particular, epigenetic changes such as DNA methylation and histone modification can switch on or off genes without altering the DNA base sequence itself. Given the dynamic nature of these changes in response to the environment [32] , genome-wide epigenomics may reveal greater insights into complex disease mechanisms [33] .
DNA methylation at CpG sites has been widely studied in the context of cancer, as a mode of tumor suppressor gene inactivation [34] , and likely represents a common phenomenon accumulating in all age-related diseases including CAD [35] . Global DNA methylation profiling by sodium bisulfite conversion demonstrated a positive correlation of peripheral blood leukocyte methylation with the prevalence of cardiovascular disease and obesity [36] . Similarly, methylationsensitive restriction enzymes detected increased global methylation in peripheral lymphocytes in CAD patients [37] . Further, an epigenetic-wide association study (EWAS) identified increased methylation at the hypoxia inducible factor, HIF3A locus in blood and adipose to be associated with greater body mass index (BMI) [38] , a proposed risk factor for CAD [39] . There are also reports of methylation quantitative trait loci (meQTLs, genotype dependent patterns of DNA methylation) at the T-cadherin encoding locus CDH13 associated with cardiometabolic traits [40] . A report in LCLs revealed meQTLs to be coordinated with other epigenetic marks such as histone modification and chromatin accessibility and proximal gene expression, implicating cis-acting changes in TF occupancy [41] . Similar genome-wide studies in primary vascular cell types are needed to fully interpret the effects of CAD GWAS variants on methylation-mediated gene regulation.
Histones are protein molecules that package the DNA into nucleosomal units and, as such, are closely linked to the function of DNA molecule as genetic material. Post-translational covalent modifications (e.g., methylation, acetylation, or phosphorylation) to the N-terminal histone tail of nucleosomes contribute to conformational changes in chromatin structure, have a profound effect on gene expression, and often occur in specific combinations or signatures. The collaborative efforts of the ENCODE Project [42] and Roadmap Epigenomics [43] consortia have already revealed a compendia of genome-wide histone modification signatures for various regulatory features in multiple primary tissues and cell lines. These datasets have been applied to global mapping studies and databases to prioritize functional regulatory variants [44, 45] . While these assays have been employed extensively in LCLs, and tumor cell lines to follow-up autoimmune disease [8, 46] and cancer loci [47, 48] , respectively, only a few studies have surveyed CAD loci [49, 50] . Specific histone modifications have been linked to different activation states and lineage commitment. For instance, H3K27ac has been shown to distinguish active from poised enhancers of gene expression and predict developmental state [51] , whereas H3K27me3 labels stably repressed chromatin often associated with polycomb complex [52] . In coronary arteries, the active/ poised H3K4me2 mark of the MYH11 gene represents a highly specific epigenetic marker of smooth muscle cell (SMC) lineage that persists even with the occurrence of SMC synthetic phenotype within atherosclerotic lesions [53] .
Chromatin Accessibility, Higher Order Structures, and Protein-DNA Interactions DNA in the interphase nucleus is organized in two basic chromatin states: accessible/open and inaccessible/closed. Chromatin accessibility thus represents another layer of genomic regulation, which has been scaled genome-wide through assays such as DNase-seq [54] , MNase-seq [55] , FAIRE-seq [56] , and more recently ATAC-seq [57••] . DNaseI enzyme was classically used to cleave specific sites along the genome that have less condensed chromatin [58, 59] . Like histone modifications, DNaseI hypersensitive sites mark various regulatory elements including enhancers, promoters, insulators, repressors, and locus-control regions [60] . Regions of accessible chromatin often coincide with transcription factor occupancy and depend on specific trans-acting factors or chromatin-remodeling factors [60, 61] . DNase-seq profiling in LCLs previously detected up to 55 % of diseaseassociated variants as chromatin accessibility QTLs (caQTLs), accounting for the gene regulatory effects in these cells [62] . While most of these effects were proximal (<10 kb) to the lead-associated variant or linkage disequilibrium (LD) variants, it is still unclear how multiple independent variants influence gene networks through changes in chromatin states. The Assay for Transpose Accessible Chromatin (ATAC-seq) was recently developed to address the need for sensitive assays requiring less starting material, which also has the ability to simultaneously profile open chromatin, transcription factorbinding footprints, as well as nucleosome positioning in a single assay [57••] . Given the limited availability of primary vascular tissues, this approach has been valuable to investigate the genetic mechanisms of CAD loci [63] .
Chromatin accessibility assays have been useful to detect local nucleosome occupancy and positioning [55, 64, 65] ; however, other assays are required to investigate higher order chromatin state, such as long-range interactions and threedimensional structure of topologically associating domains (TAD). For instance, chromosome conformation capture (3C) [66] was utilized to investigate pairwise interactions within the CAD-associated 9p21 locus between CDKN2A/B and MTAP, and IFN2A, located ∼1 Mb away, and it was shown that these chromosomal interactions were modulated by IFNγ [67] . Similarly, 3C was used to identify physical interactions between enhancer and promoter elements for an unexpected autoimmune disease gene, DEXI [68] . The 3C assay has been adapted to detect interactions between one locus and all other genomic loci through chromosome conformation capture-onchip (4C) techniques. A 4C-seq-based approach was used to map the functional interactions between variants at the FTO obesity locus and the hypothalamus-expressed homeobox gene, IRX3 [69] . Further modifications of this approach have enabled high-resolution mapping of genome-wide interactions (Hi-C) [70] or involve coupling antibody-mediated pulldown with paired-end tag sequencing (ChIA-PET) [71] , which has been instrumental in detecting unbiased and de novo higher order chromatin interactions. It should be noted that local chromatin accessibility assay ATAC-seq has been applied to single cells and has been shown to capture a higher order chromatin structure resembling the profiles generated by Hi-C [72] .
Additionally, for CAD candidate genes that are transcription factors (TF), such as TCF21 and STAT3, protein-DNA interactions could be studied on a genome-wide scale using chromatin immunoprecipitation sequencing (ChIP-Seq). Recently, ChIP-Seq performed against TCF21 in human coronary artery smooth muscle cells (HCASMC) revealed downstream genes enriched for pathways relevant to CAD, including growth factor binding, TF interaction, and smooth muscle contraction [63] . The global binding pattern of TCF21 also identified likely co-regulatory mechanisms involving the AP-1 binding motifs, and subsequent ChIP-Seq against AP-1 family members JUN and JUND confirmed that there was indeed a significant overlap between TCF21 and AP-1 binding sites, demonstrating the significance of their cooperative action in the pathophysiology of CAD.
In Vivo Mouse Models to Study CAD Targets-9p21 Locus
Currently, mice are the most widely used animal model for studying the genetics of cardiovascular disease due to the ease of manipulating their genome and their ability to develop atherosclerotic plaques [73] . Indeed, genetic knockout models are straightforward if a disease-associated SNP is found within the coding sequence of a gene or is located within the proximal promoter region. More often, determining which gene is affected by these SNPs is difficult to ascertain as has been observed in one of the strongest CAD associations in the GWAS era, the 9p21 susceptibility locus for CAD. This locus was discovered in 2007 when four independent studies identified SNPs within a 58-kb block of the 9p21 chromosomal locus that were associated with an increased risk for CAD and myocardial infarction (MI) for homozygous risk allele carriers [74] [75] [76] [77] . Subsequent studies and meta-analyses confirmed these associations and identified risk in additional cardiovascular disease states such as stroke, abdominal aortic aneurysm (AAA), saccular aneurysms, and peripheral artery disease (PAD) [78] . This discovery generated great enthusiasm to identify the causal genes influenced by this locus and provided an ideal opportunity to model the risk allele using genetically engineered mice. However, fine mapping studies were unable to significantly narrow the disease-associated region to a smaller set of SNP [79] . The nearest protein coding genes lie over 90 kb away from the core region of association and consist of the tumor suppressor genes CDKN2B encoding p15 INK4B and CDKN2A encoding p16 INK4a and p14 ARF [80] . Additionally, the disease-associated SNPs are located within and proximal to a lncRNA, ANRIL, which has multiple alternatively processed transcripts [81] , thereby adding further complexity to the situation.
Genomic studies have been employed to investigate this association, with limited success. Allelic imbalance and eQTL studies demonstrated that the 9p21 locus contains enhancer elements, which regulate expression of the nearby gene products and suggest that all nearby genes may contribute to the enhanced CAD risk [82] [83] [84] . However, these findings are confounded by additional studies, which are unable to replicate these gene expression changes leading to contention within the field [79, [85] [86] [87] . Interestingly, several studies suggest that ANRIL may regulate cell proliferation and behavior by inhibiting expression of CDKN2B, placing this gene product as a main regulator of the INK4/ARF locus [82, 86] . However, despite the strong sequence conservation of ANRIL in primates, an orthologous transcript cannot be found in mice, thereby impeding progress in identifying potential mechanisms using genetic mouse models [86] . Fortunately, the mouse 9p21 locus shares enough homology to allow the development of an inducible mouse knockout model that deleted the ortholog to the human linkage disequilibrium block [88] . This mouse showed decreased expression of both Cdkn2a and Cdkn2b, supporting the role of an enhancer region at 9p21 in both mice and humans [88] . Recently, several mouse genetic knockout studies have been performed to identify the role of these genes in CAD development. Whole body knockout of p14 ARF led to increased atherosclerosis development [89] , whereas p16
INK4a deletion increased cell proliferation following carotid injury [90] , but bone marrow specific loss or overexpression had no effect on atherogenesis [91, 92] . Notably, bone marrow-specific heterozygous deficiency of both p14 ARF and p16 INK4a had been shown to accelerate atherosclerosis [93] . Recently, loss of Cdkn2b in mice was shown to enhance aneurysm and atherosclerotic plaque formation primarily through altering smooth muscle cell (SMC) physiology [94, 95] . In these studies, SMCs of Cdkn2b-null mice exhibited increased apoptosis during aneurysm formation and an accumulation of apoptotic bodies in atherosclerotic plaques, which were resistant to cell clearance, leading to increased foam cell formation and inflammatory cytokine secretion. Taken together, these findings support a role for both Cdkn2a and Cdkn2b in regulating cellular behavior during vascular disease development but the exact role of each gene in CAD development has yet to be fully elucidated [96] . Collectively, these studies illustrate the inherent complexity of unraveling the biological mechanisms of GWAS hits in disease, even with the use of large-scale genomic efforts.
In Vivo Mouse Models to Study CAD Targets-TCF21 Locus
In 2011, a meta-analysis of 14 CAD GWA studies expanded the number of genome-wide significant loci to 46 [97] , including a locus at 6q23.2. The lead SNP at this locus, rs12190287, is located in the 3′ untranslated region (UTR) of the basic helix-loop-helix transcription factor TCF21, a gene for which it is also a strong eQTL [97] . Subsequent investigation revealed that the minor protective G allele of rs12190287 alters both an activator protein 1 (AP-1) enhancer element and a repressive WT1 binding site, resulting in altered transcription factor binding in response to PDGF-β signaling and decreased TCF21 expression in vitro [49] . Interestingly, the minor protective G allele was also found to alter a seed binding sequence for miR-224, resulting in reduced miR-224 binding and thus increased levels of the G allele-containing TCF21 mRNA transcript [98] . Due to this variant's existence at the intersection of multiple mechanisms of gene regulation, its influence on TCF21 expression in vivo during the disease process is expected to be complex.
TCF21 is a particularly compelling CAD-associated gene because of its role in coronary vascular development. In the context of cardiac development, Tcf21-expressing cells are initially observed in the proepicardium around E9.5 [99] and then migrate across the surface of the developing heart where they contribute to the multipotent epicardium [100] . Lineage tracing studies in mouse embryos have shown that these Tcf21-expressing epicardial cells undergo epithelial to mesenchymal transition (EMT), migrate into the heart and differentiate into both cardiac fibroblasts and coronary artery smooth muscle cells (caSMCs) [101] . In Tcf21-null mouse embryos, caSMCs are formed but show premature differentiation [102] and adventitial fibroblasts are almost completely absent [101] , indicating that Tcf21 plays key roles in the differentiation of both cell types from a common progenitor. Indeed, Tcf21 was subsequently found to directly bind to and suppress expression of alpha smooth muscle actin (ACTA2) in cultured human caSMCs, and siRNA-mediated TCF21 knockdown in these cells resulted in a more differentiated gene expression program including upregulation of ACTA2, TAGLN, and
Strikingly, Tcf21 lineage tracing studies, in which cells expressing Tcf21 are permanently labeled with a fluorescent marker at a specific time point, revealed that these cells actively participate in the evolving atherosclerotic lesion. In the LDLR -/-model of atherosclerosis, Tcf21 linage-traced cells in the adventitia are observed to proliferate, migrate through the media into the neointima, and ultimately align at the fibrous cap of the lesion where they express markers of mature smooth muscle cells including Acta2, Tagln, and Tgfbrb [30••] . The expression of this CAD-associated gene in cells that appear to be playing an important role in the formation of the lesion's fibrous cap further implicates TCF21 in the vascular wall pathobiology of atherosclerosis. However, to ultimately confirm a causal role for TCF21 and to determine the effect of TCF21 on plaque stability, it will be necessary to perturb Tcf21 expression and determine the effect on plaque size, architecture, and vulnerability.
Application of CRISPR/Cas9 Genome Editing to Study CAD Loci
We are now in an unprecedented era of genome technology development, including a repertoire of nuclease-based tools to quickly and precisely edit specific genomic regions in various cells and organisms. The applications of zinc finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENs), and recently developed clustered regularly interspaced short palindromic repeats (CRISPR) coupled to CRISPR-associated Cas9 system each have their selective advantages and limitations with regard to specificity, efficiency, and off-target effects [103] [104] [105] .
The highly efficient and versatile CRISPR/Cas9 systems require only a 20-bp sequence near a 5′-NGG-3′ protospacer-adjacent motif (PAM) for the guide RNA to hybridize and allow Cas9 to generate an adjacent double strand break (DSB) or single-strand nick, depending on the application. CRISPR/Cas9 was recently used to disrupt the CADassociated TRIB1 locus in HepG2 cells to measure the effects on lipoprotein metabolism [106] . Interestingly, another study generated a deletion of a MEF2 binding site harboring a SNP rs9349379, located in the intronic region of the CADassociated PHACTR1 locus [107] . Upon deletion, endothelial cells heterozygous for this SNP had reduced PHACTR1 levels, which established a missing functional link between this variant and CAD risk in the vessel wall. It remains to be determined precisely how this gene alters vascular injury responses, as PHACTR1 levels were unchanged with VEGF, TNFa, or shear stress perturbations [107] . CRISPR/Cas9 was further applied in vivo using adenovirus to induce lossof-function mutations in the PCSK9 locus [108] . These studies revealed decreased plasma PCSK9 levels, consistent with a reduction in plasma cholesterol levels, together supporting an attractive therapeutic approach to control hypercholesterolemia in humans. The major advantage is that this adenoviral intervention would represent a one-time injection to effectively modify and shut down a critical LDL-cholesterol regulatory pathway in the circulation.
Recently, TALEN genome-editing strategies have targeted a GWAS variant for fetal hemoglobin levels located in an intronic enhancer of the BCL11A gene. These experiments have shown that biallelic excision of the intronic segment carrying the variant profoundly reduced BCL11A transcripts levels and almost completely abolished BCL11A protein synthesis [109] . More recently, CRISPR/Cas9 in situ saturating mutagenesis was used to dissect the 12-kb composite enhancer in BCL11A and showed that enhancer deletion abolished the expression of BCL11A and induced beta-globin and fetal hemoglobin (HbF) levels, thus providing a potential targeting strategy in restoring hemoglobin levels [110] . These highthroughput applications of Cas9 have already been applied to dissect the function of regulatory variants in large haplotype blocks (up to several kb), and as they are designed to probe regulatory enhancer function within their in vivo chromatin environment will likely continue to advance our understanding of the impact of common variants on CAD phenotypes. Whether CRISPR/Cas9 will be applicable to therapeutic targeting pathways operating in the vessel wall remains to be established.
Conclusion
In brief, this review summarizes current progress in the genomics field related to CAD. We emphasize that highthroughput genomics studies in vascular cells/tissues are needed to identify causal variants and mechanisms contributing to maladaptive or adaptive vessel wall responses during disease. We highlight some of the more widely adopted genomics approaches critical to prioritize candidate variants and genes for downstream follow-up analysis, ideally using established injury and disease models in vivo. Finally, forthcoming studies using CRISPR/Cas9 technology, inducible and cellspecific gene deletions will be of great importance to unravel the complex web of gene and disease interactions.
There are many future challenges and pitfalls in defining the exact causal CAD variants, genes, and mechanisms, and ultimately, the combination of big data from diverse experiments and tissues will lead to a more comprehensive and explanatory view on CAD [35] . Currently, the high cost of genomics experiments and required computational expertise represent drawbacks that may divert many groups away from genomics. As the price of next-generation sequencing continues to decline and biomedical groups become increasingly more multidisciplinary (wet-lab and bio-computational), one would expect future scientific endeavors to harness significant biological insights from genomics findings alone.
